1. Effective prevention and control of invasive species generally relies on a comprehensive, coherent and representative list of species that enables resources to be used optimally. European Union (EU) Regulation 1143/2014 on invasive alien species (IAS) aims to control or eradicate priority species, and to manage pathways to prevent the introduction and establishment of new IAS; it applies to species considered of Union concern and subject to formal risk assessment. So far, 49 species have been listed but the criteria for selecting species for risk assessment have not been disclosed and were probably unsystematic.
| INTRODUCTION
The adoption by the European Union ( and identified as invasive through an evidence-based risk assessment, in accordance with prescribed criteria. Listing of a species means it is banned from import, trade, possession, breeding, transport, use and release into the environment (Genovesi, Carboneras, Vilà, & Walton, 2014) ; it also determines whether a species' main pathways of unintentional introduction and spread can be considered for an action plan, to be developed by the Member States within 3 years following inclusion (Scalera, 2015) . The conservation community has highlighted the importance of listing based on a system that is flexible, responsive and that can be updated as frequently as needed (Carboneras, Walton, & Vilà, 2013; Tollington et al., 2016) .
In the implementation phase, the EU Member States agreed the first list of IAS of Union concern of 37 species in 2016, formally adopted by the European Commission (2016b), and a recent update of 12 additional species in June 2017 (European Commission, 2017) . The total list of 49 species thus covers less than 5% of the more than 1,000 established IAS with known ecological or economic impacts in Europe (Vilà et al., 2010) . The listing process is reputedly dynamic such that new species can be added in regular updates and additional funding sources are mobilised by the EU to perform risk assessments. This approach addresses the concerns expressed by both scientists and policy makers who welcomed the preliminary adoption of the initial list, while indicating that although it is a step in the right direction, the number of species included does not match the magnitude of the threat to EU biodiversity. To assist the updating process, in parallel to the present work, the EC commissioned a study to prioritise species for risk assessment through horizon scanning (Roy, Adriaens, et al., 2015) , focusing on species that are either absent from Europe, or in the early stages of establishment. The study evaluated 251 species posing a threat to EU biodiversity and ecosystems and highlighted 95 species as high priorities for risk assessment, mostly based on their impacts elsewhere. However, the horizon scanning was set to specifically exclude IAS that are relatively widespread within the EU.
Alien species need to go through formal risk assessment before they can be discussed by the EU Member States and potentially added to the Union list (Roy, Scalera, et al., 2015) . According to the EU legislation, the EC must justify that concerted action at EU level is required to prevent the introduction, establishment or spread of a given species before it can be considered for listing.
Member States may submit to the EC requests for the inclusion of IAS on the Union list. In the past, though, national selection of species deserving formal risk assessment was based on undisclosed criteria and it did not appear to be preceded by a systematic consideration of all species that potentially qualify. As a result, the list of currently available risk assessments is a biased sample clearly skewed towards well-known terrestrial or freshwater species that are already present in Europe and with expanding populations. Here, we try to address this bias by, first, developing a simplified methodology to help identify species suitable for listing as IAS of EU concern and to prioritise them for risk assessment. Second, we run a large number of potential species, catalogued in a comprehensive set of databases, through this screening process. We use this methodology to propose a prioritised list of IAS for formal risk assessment, along with an indication of the time frame for their assessment. Our contribution aims at assisting the effective implementation of the EU Regulation on IAS by providing a road map for a proactive, rather than a responsive, list of species to be considered by the EC and its Member States for further follow up.
| MATERIALS AND METHODS
We followed a modified version of the participatory method defined by Sutherland, Fleishman, Mascia, Pretty, and Rudd (2011) to identify the issues, agree on methodologies and progress by consensus. Our work consisted of four complementary phases; the first two were an expert workshop and a policy workshop, both focused on developing the criteria for species choice and screening. The third step was to review potential species, based on available literature and focusing on those that fulfilled the EU Regulation criteria for listing; we associated each species with a category of impact, following the principles of EICAT (Environmental Impact Classification for Alien Taxa, Hawkins et al., 2015) , with a stage in their EU invasion curve (Delisle, biodiversity using a simple methodology and recommend which species should be considered for risk assessment in a ranked order of priority along the timeline 2018-2030, based on their maximum reported impact and their invasion history in Europe. Lavoie, Jean, & Lachance, 2003; Pyšek & Prach, 1993) and with a pathway of introduction according to the classification of Convention on Biological Diversity (2014). The fourth step was to prioritise the list of species along a timeline for risk assessment based on a "distribution × impact" criterion developed at the workshops. 
| Expert workshop

| Policy workshop
Twenty-two policy professionals from conservation organisations and other interest groups took part in a subsequent workshop, focusing on policy, held in Brussels (Belgium) on 24-25 March 2015. Building on the results of the expert workshop, the group attempted to identify the combination of distribution and impact potential as an indicator of individual threat to biodiversity in the EU; they then developed systematic criteria for the risk-assessment prioritisation of species with different characteristics. Participants agreed on using a combination of IAS attributes expressed as a "distribution × impact" matrix ( Figure 1 ). The rows showed a distribution category corresponding to the current stage of a species' "invasion curve" in Europe (Figure 2 ), while the columns corresponded to their maximum reported impact in the available databases, based on the authors' assessment following the EICAT guidelines (Hawkins et al., 2015) . Each matrix cell was associated with a priority category in the implementation timeline. The group also worked on the development of an advocacy strategy for the successful listing of priority IAS in the timeframe set up by the EU Regulation.
| Species screening
We carried out a desk-based search of IAS databases and review papers listing species with reported impacts on biodiversity or ecosystem services that might be relevant to Europe. We used the information on species impact anywhere in their invaded distribution range available from the IAS databases reviewed at the workshops: five global and regional IAS databases, five regional assessments, specific review papers and the seven national lists of EU Member States (Table S1) . From those sources, we used the information on the maximum reported impact of species and their distribution in the EU. We complemented that information with a literature review of scientific papers providing evidence on the impact of particular species, which allowed for the additional assessment of 157 species. There was considerable overlap among the databases and a great deal of taxonomic issues (e.g., synonyms) so, after clearing, we were left with 1,323 potentially suitable species. These were screened through the decision tree ( Figure 1 ) and the criteria agreed at the expert and policy workshops. Those species that qualified for assessment were assigned to categories in the "distribution × impact" matrix based on the information in the databases.
One of the authors (CC) led on the database and literature review; the co-authors then reviewed the species assessments according to their expertise. We followed Branquart et al. (2016) to account for uncertainty, based on evidence of the species' presence, impacts in Europe and variability in its behaviour. To keep the process simple and in agreement with the EU Regulation, we limited the assessment of a species' impact to biodiversity and ecosystem services, as there are now methods to allow systematic classification and comparison of IAS impacts on the environment, but these do not apply to socio-economic impacts in all cases (see Blackburn et al., 2014; Hawkins et al., 2015; Kumschick et al., 2015) .
| Species priority ranking
Based on their attributes and the criteria developed at the workshops (Figure 1 ), we placed species on the "distribution × impact" matrix and assigned them to a category of priority defined by the end of the year when a risk assessment should be attempted, according to expert opinion. The spectrum ranged from 2018 for the most urgent cases, through 2020 and 2025, to 2030 for the less urgent. The latter category bears in mind that some species may currently be in a lag phase (Crooks, 2005; Pyšek & Prach, 1993) . In the case of species with a major (MR) impact, we prioritised those in the initial stages of invasion over widespread ones (Figure 1 ).
| RESULTS
Out of the 1,323 species quick-screened through the decision tree, 900 fulfilled the criteria for listing under the EU IAS Regulation; we retained those and ranked them by priority (see Table S2 ). The main reasons for discarding the other 423 species were: (1) being native
THE SPECIES DOES
NOT QUALIFY The species should go through risk assessment by the following priority year: The 900 retained species represented a wide range of taxa, with 26% vertebrates, 29% invertebrates and 40% plants (Table 1) . They were also well distributed across six broad introduction pathway types (Convention on Biological Diversity, 2014; Hulme et al., 2008; Saul et al., 2017) , with a predominance of escape as a pathway (53% of all species) ( Table 1 (Table S2 ).
MC -Minimal concern
MNMinor
MOModerate
MRMajor
MVMassive
Considering their current status in the EU, 167 (81%) of the 2018-2020 priority species were either absent or in the early stages of invasion (categories: "absent," "initial" or "scattered" as described in Figure 3 ). In the second group of 336 priority species by 2025, 124 (37%) were either absent or in the early stages of invasion, while 212 species (63%) qualified as widespread or ubiquitous (categories: 'widespread" and "ubiquitous" as in Figure 3 ). There was also considerable overlap between our priorities and those established in the EC horizon scanning (Roy, Adriaens, et al., 2015) for the 251 species that are common to both analyses, as shown in Figure 4 .
Uncertainty in the assessment of species impact was medium in 76% of cases and low in 12%; we estimated high uncertainty in 7% of the species recommended for risk assessment by 2030, 4% of 2025, 1% of 2020 and 0% of 2018 priorities.
| DISCUSSION
We present a systematic approach for selecting IAS for risk assessment in the EU, together with the outcome of applying it across an unprecedented number of taxa, with varying impacts and invasion history. Based on published evidence of impact placed in a basic "distribution × impact" matrix, we were able to rapidly prioritise a large number of species. The expert group advised against setting any caps to either the number of species recommended for formal risk assessment or to the Union list of IAS of concern, as it was not possible to find any biologically sound argument to pre-determine their length (Carboneras et al., 2013) .
We identify 207 high priority species needing urgent risk assess- We recommend that the second group of 336 priority species must be put through risk assessment immediately afterwards; 39 of those have risk assessments available or in development (23 have been included in the first EU list) so, as of June 2017, 297 priority species are still pending risk assessment. We recommend the risk-assessment process to be completed for those species by 2025. The remaining 357 species classify as lower priority for risk assessment because their impact on biodiversity or ecosystem services is considered to be minor or of minimal concern. At least a sample of those species should also be put through formal risk assessment in order to confirm their priority status. This exercise is less urgent, so we propose a wider time frame of 10 years to conclude it.
Our method allows for a swift preliminary analysis but it cannot replace a full formal risk assessment; that is, the comprehensive, evidence-based process that enables estimating the probabilities of a species' introduction, establishment, spread and impact (Leung et al., 2012) , which is required by the EU Regulation. Our prioritisation specifically aims at helping to set the species order in which the formal risk assessments need to be carried out. We used expert opinion to set the criteria, to establish the methodology and to identify the sources of information but we stuck to the information contained in the databases so as not to introduce more bias in our analysis. Our review considered the maximum reported impact for any species, in line with the principles of EICAT, which may be different from the average or most likely impact. The EICAT classification is still in progress and individual species assessments are yet to be developed, reviewed F I G U R E 2 Theoretical invasion curve as followed by an ideal invasive population, with indication of the stages used in our assessment of each species" distribution and invasion history: 0 = absent from the EU; 1 = restricted to initial location of introduction; 2 = occurring over scattered locations; 3 = occurring over numerous locations/widespread; 4 = ubiquitous and on the information contained in the databases and literature available but, because our expertise did not cover the entire spectrum of European taxa and ecosystems (Table S4) , our assessment must be taken as indicative and subjective.
Our exercise coincided with Roy, Adriaens, et al.'s (2015) EU-wide horizon scanning assessment, which focused on species that were either absent from the EU or in the early stages of establishment.
We used information from that analysis, particularly on the impact of certain species, to feed our categorisation of species in the "distribution × impact" matrix. However, our assessment was not limited to species whose invasion stage was in the "absent-initial-scattered locations" range (428 species in our analysis) but also looked at species in the "widespread" and "ubiquitous" categories, which summed to 472 species, 52% of our total. Figure 4 shows the considerable T A B L E 1 Breakdown of the 900 species retained and ranked in this analysis, grouped by taxonomic group and pathway of introduction Definitions of pathways follow Convention on Biological Diversity (2014): release (intentional introduction for the purpose of human use in the natural environment); escape (unintended escape/release/liberation into the natural environment from confined conditions into which initially purposefully imported or otherwise transported); contaminant (unintentional movement as contaminants of a commodity that is intentionally transferred through international trade, development assistance, or emergency relief); stowaway (unintentional moving of live organisms attached to transporting vessels and associated equipment and media; corridor (unintentional introduction into a new region following the construction of transport infrastructures (e.g. canals, tunnels) in whose absence this spread would not have been possible); unaided (secondary natural dispersal across borders of invasive alien species that have been introduced by means of any of the above pathways).
overlap in the priority ranking of the 251 species shared between the EC horizon scanning and our analysis. "Very high" and "high" priority species in Roy, Adriaens, et al. (2015) make up 64% of the species that we propose for risk assessment before the end of 2020, while 77% of the "low" priority species in the EC horizon scanning fall in either the 2025 or the 2030 targets in our analysis.
Our work prioritises species based on their impact on biodiversity and ecosystem services only, because that is the scope of the EU Regulation and because evidence is lacking on the socioeconomic impact of many IAS (but notice the correlation between biodiversity and socioeconomic impacts described by Rumlerová, Vilà, Pergl, Nentwig, & Pyšek, 2016) . Species on our priority list may have different probabilities of being introduced and/or of becoming established, something that should be determined in a formal risk assessment. However, our work fills a policy gap and assists policy implementation by proposing species in a ranked order to be considered for risk assessment in the recommended time frames. This is particularly relevant given the limited resources available for this purpose in the current national and EU policy context, and the importance of optimising their use. While the formal risk assessment of 900 species will evidently take a long time, our exercise facilitates the process by providing a systematic method to decision-making.
Our work may also help identify the required funding sources and relevant amounts to be mobilised. This is pivotal to ensure that EUcompliant risk assessments are finalised in an appropriate timescale.
The European Commission website proposes supporting action on IAS through its existing financing instruments, LIFE, Horizon 2020, Rural Development 2014-2020 and Regional Development funding (European Commision, 2016a) . The ongoing LIFE project IAP-RISK, e.g., seeks to develop EU-wide risk assessments for 16 invasive alien plants by 2017. The whole potential of EU funding should be fully explored, as the capacity to deliver, and therefore to prevent further damage, will likely be limited by the availability of resources (see Scalera, 2010; Tollington et al., 2016) .
The IAS Regulation establishes that Member States must carry out a comprehensive analysis and prioritisation of the pathways of unintentional introduction and spread of the species on the Union list of concern within 18 months of its adoption. Further, they must establish and implement action plans for priority pathways within 3 years of the adoption of the Union list (Scalera, 2015) . Therefore, whether a specific pathway can be tackled by an action plan depends on the condition that at least one representative species is included on the (Roy, Adriaens, et al., 2015) showing how they fall in our prioritisation, as indicated by the year when risk assessment should be available. Black bars represent "very high" priority species in Roy, Adriaens, et al. (2015) ; dark grey = high priority; light grey = medium priority; white = low priority No. species
Despite its intended simplicity, our assessment provides a wide spectrum of IAS in a ranked order of priority and points to which species should be considered for risk assessment, to help implement Regulation 1143/2014 effectively. Only by adopting a comprehensive, coherent and representative list of species will the EU achieve the objective of the IAS Regulation, which is to prevent, minimise and mitigate the adverse impact of the introduction and spread of IAS on biodiversity in the EU. 
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